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ABSTRACT 
The improvement of existing buildings had been argued as a major approach to attain 
sustainability in the built environment, especially in the developing countries. 
However, literature had shown that users’ requirement, which are hardly met in 
improved buildings, is a basis for attaining sustainable improvement. The research thus 
approached sustainable improvement of public office buildings through the lean 
thinking concept, which involves the application of muda to the typical improvement 
diagnosis technique for enhanced assessment of users’ requirement. The research 
methodology involved the quantitative method, using diagnostic Post Occupancy 
Evaluation (POE) as data acquiring tool from the Federal Secretariat complex, Bauchi 
in Nigeria, with confirmatory factor analysis carried out using Structural Equation 
Modelling (SEM), a statistical tool used to analyze the inter-relationships between 
perceived muda, job productivity and design features variables in the study area. 
Survey questionnaires related to the triple bottom line of sustainable development were 
distributed to all the 971 civil servants in the study area, from which 339 useable 
questionnaires were retrieved. The analyses were done using Satisfaction Indexes (SI) 
and Analysis of Moments Structures (AMOS) regressions, while the findings 
established that perceived muda is inherent in public office buildings, with highly 
significant inverse causal effects of -0.661 and -0.760 on job productivity and design 
features respectively; and strong effect sizes of 44% and 58% in explaining both their 
variances respectively. It further revealed that users require more improvement in 
facilities as compared to spatial plan and structure, while there is a direct and moderate 
correlation between job productivity and design features; implying that as design 
features are sustainably improved with emphasis on facilities, job productivity will 
consequently improve. The research concluded that lean thinking can enhance the 
assessment of users’ requirement in existing public office building improvement 
diagnosis in developing countries; but can however, not replace the technique since 
the end-users are not able to provide the technical details of professional expertise and 
equipment needed in a typical improvement diagnosis technique. 
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ABSTRAK 
Penambahbaikan bangunan yang sedia ada pernah dikatakan sebagai suatu pendekatan 
utama untuk mencapai kelestarian dalam alam bina, terutamanya di negara-negara 
membangun. Walau bagaimanapun, kajian literatur telah menunjukkan bahawa 
keperluan pengguna, yang jarang ditemui di bangunan-bangunan yang ditambahbaik, 
adalah asas untuk mencapai penambahbaikan yang lestari. Kajian ini mengaplikasikan 
penambahbaikan lestari untuk bangunan pejabat awam melalui konsep lean thinking, 
yang melibatkan penggunaan muda kepada teknik diagnosis penambahbaikan yang 
biasa untuk meningkatkan penilaian keperluan pengguna. Metodologi kajian 
melibatkan kaedah kuantitatif, yang menggunakan diagnostik Post Occupancy 
Evaluation (POE) sebagai kaedah memperoleh data dari kompleks Sekretariat 
Persekutuan, Bauchi di Nigeria, dengan analisis faktor pengesahan yang dijalankan 
menggunakan Structural Equation Modelling (SEM), suatu alat statistik yang 
digunakan untuk menganalisis hubungan antara anggapan muda, produktiviti kerja dan 
pembolehubah ciri-ciri reka bentuk dalam kawasan kajian. Kajian soal selidik yang 
berkaitan dengan triple bottom line penambahbaikan lestari telah diedarkan kepada 
semua 971 penjawat awam di kawasan kajian, dari mana 339 soal selidik yang berguna 
telah diperoleh. Analisis telah dilakukan dengan menggunakan Indeks Kepuasan (SI) 
dan regresi Analysis of Moments Structures (AMOS), manakala penemuan 
menunjukkan bahawa anggapan muda wujud dalam bangunan pejabat awam, dengan 
kesan songsang yang amat ketara, iatu -0.661 dan -0.760 pada produktiviti kerja dan 
ciri-ciri reka bentuk masing-masing; dan saiz kesan yang kuat sebanyak 44% dan 58% 
dalam menjelaskan kedua-dua varians masing-masing. Ia juga mendedahkan bahawa 
pengguna memerlukan lebih banyak penambahbaikan dalam kemudahan fasiliti 
berbanding dengan pelan spatial dan struktur, manakala terdapat hubungan secara 
langsung dan sederhana antara produktiviti kerja dan ciri-ciri reka bentuk; 
menunjukkan bahawa bila ciri-ciri reka bentuk yang lestari bertambah baik dengan 
penekanan pada kemudahan fasiliti, produktiviti kerja akan bertambah baik. Kajian ini 
merumuskan bahawa lean thinking boleh meningkatkan penilaian keperluan pengguna 
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dalam diagnosis penambahbaikan bangunan pejabat awam yang sedia ada di negara-
negara membangun; tetapi bagaimanapun, tidak boleh menggantikan teknik tersebut 
kerana pengguna akhir tidak dapat memberikan butiran teknikal kepakaran profesional 
dan peralatan yang diperlukan dalam teknik diagnosis penambahbaikan biasa. 
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DEFINITION OF KEY TERMS 
The following terms were defined as used in this research: 
1. Sustainable Development (SD) was defined as humanity’s ability to meet the 
needs of the present without compromising the ability of future generations to 
meet their own needs (WCED, 1987). 
2. Improvement is an intervention work carried out on existing buildings in an 
attempt to upgrade or update them to modern standards whilst retaining their 
current use (Marir & Watson, 1995); thus a condition superior to an earlier 
condition (AED, 2014). The synonyms used for improvement include 
refurbishment, adaptation, retrofitting, rehabilitation, remodeling, 
revitalization, modernization, upgrade, among others.  
3. Maintenance: In the context of this research, maintenance had been limited to 
restoring, holding, keeping, sustaining or preserving the building or structure 
to its original design standard (Adeyemi, 2010). 
4. Waste and Inefficiencies which were collectively referred to as muda (in 
Japanese), are facilities which absorb resources but create no value from end-
user’s standpoint (Womack & Jones, 2005). Waste in addition means excesses 
(or immoderations) that are not appreciated by end-users (Nicholas & Soni, 
2006); while inefficiencies are related to inadequacies or ineffectiveness 
(Sharp & Jones, 2012).  
5. Triple Bottom Line (TBL) comprises the environmental, economic and social 
factors (or three pillars) that constitute effective SD (Wilkinson, 2012). 
6. Key Performance Indicators (KPIs) are performance assessment or diagnosis 
factors used to make vital future decisions for continuous and consistent 
improvement of existing buildings (Cohen et al., 2001). 
7. Post-Occupancy Evaluation (POE) is a systematic evaluation of end-users’ 
opinion about buildings in use (Watson, 2003); it is performed by using a 
questionnaire to gain a direct feedback; conveying the parameters of buildings 
that work well and also the ones that should not be repeated in future building 
designs (Shah, 2007). 
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8. End-users are defined as the people who use or occupy the building; they are 
not experts in managing it, but have knowledge and opinions, nonetheless, 
about its performance in relation to their own objectives (Pemsel et al., 2010). 
9. Comfort was defined in this research as the absence of unpleasant sensations, 
which has a positive effect on human well-being (Feige et al., 2013). It is seen 
as a key determinant of end-users’ requirement. 
10. Job productivity in this research is defined and limited to the level of workers’ 
performance as related to their official assignment in the office (Haynes, 
2007a). According to Smith & Pitt (2011), it is the quintessence of an office. 
11. Causal effect (also referred to as causation or causality) is the relation between 
the independent variable (the cause) and the dependent variable (the effect), 
where the independent variable is understood to be responsible for the 
dependent variable (Pallant, 2011). 
12. R2 or Effect size tells the magnitude or strength of the effect of a variable. It 
explains the percentage of variability in the dependent variable, which is 
accounted for by the independent variable (Adams & Lawrence, 2015). 
13. Practical significance (or P-value) refers to the usefulness of the research 
results or findings i.e. how the result affect or apply to daily life (Adams & 
Lawrence, 2015). 
14. Standardized coefficients means that the estimates for each of the different 
variables have been converted to the same scale so that they can be compared 
(Pallant, 2011). 
15. Variance is defined as an unacceptable difference between expected and 
observed performance (Ayininuola & Olalusi, 2005). 
 
  
  
CHAPTER 1 
INTRODUCTION 
1.1 Background to the research 
The improvement of old buildings from existing asset for sustainability is termed 
sustainable improvement (Mansfield, 2011; Wood & Muncaster, 2012), and it is an 
offshoot of Sustainable Development (SD), which was defined as the ability to meet 
the needs of the present users without compromising the ability of future generations 
to meet theirs (WCED, 1987). In a bid to reach the goal of environmental 
sustainability, the UN Earth Summit of 1992 in Rio de Janeiro, Brazil called on 
member States to adopt and integrate the principles of SD into their national policies 
and programmes which would build upon and harmonize the various sectoral 
economic, social and environmental policies and plans operating in their respective 
countries. In 1997, the special session of the UN General Assembly set a target in the 
United Nations Millennium Declaration, to formulate and elaborate by year 2002. 
However, over twenty years after the Earth Summit (termed Rio + 20) many countries, 
especially the developing countries, were yet to make significant headway in the quest 
for SD of their built environment. Wood & Muncaster (2012) observed that the 
developed countries have in common, huge numbers of buildings built to standards 
that were barely adequate in their day and inadequate for the present and future, and 
that those in the developing countries are even apparently worse.  
A major reason attributed to this was the neglect of existing buildings which 
form the bulk of built assets in cities (Brandon & Lombardi, 2010); they were 
developed decades ago when sustainability was not a consideration (van de Wetering 
& Wyatt, 2011; Miller & Buys, 2008). Sodagar (2013) and Mezher (2011) argued that 
sustainability cannot be achieved without addressing existing buildings as it is unlikely 
that new build alone would deliver a sustainable built environment in the near future. 
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Thus, for any noteworthy impact on SD in the built environment, particularly in 
developing countries, it is essential that existing buildings be given due attention. 
Zavadskas, Kaklauskas & Gulbinas (2004) opined that it is necessary to carry out an 
exhaustive investigation of all solutions that form an existing building in order to 
sustainably improve it; this will involve macro-level factors, incorporating the Triple 
Bottom Line (TBL) of SD and micro-level factors embracing Key Performance 
Indicators (KPIs). However, despite all these, it had been reported that many purported 
sustainably improved buildings do not adequately reflect end-users’ requirement, 
which is the quintessence of SD (Gou, Lau & Chen, 2012). According to Mickaityte 
et al. (2008), sustainable improvement is a significant problem in existing buildings. 
Another reason is the use of top-down approach to policy formulation and 
eventual implementation in most developing countries (Jiboye, 2011b). The principle 
of delegation is that authority should be delegated as far down the line as possible 
(Martimort & Stole, 2002); an advantage of this is that those who are closest to the 
‘scene of action’ may be regarded as the best persons to analyze and deal with the 
problems that arise (Jagoda, Lonseth & Lonseth, 2013). 
This research was motivated by the retrogressive trend witnessed in Festival of 
Arts and Culture (FESTAC) Town, Lagos Nigeria once dubbed Little London when it 
was built 39 years ago because of its then state-of-the-art infrastructure. The present 
degenerating condition of the once beautiful estate is now a shadow of itself, with the 
collapse of virtually all its infrastructure. Rather than finding lasting solution to the 
rapid decay of infrastructure in the estate, Okojie (2013) reported that there had been 
accusations and counter accusations between the occupants and managing agency - 
Federal Housing Authority (FHA). The Managing Director (MD) of FHA blamed the 
deterioration of the estate on the occupants whom he accused of departing from the 
original building design and concept (Okojie, 2013). The comment of the MD ushered 
in a salient aspect of SD, i.e. if occupants deviated from the original design and concept 
(or carried out alterations or modifications in the buildings, as was in this case), then 
the spatial arrangement, structural components or facilities offered were not meeting 
the users’ requirement and must have had elements of waste and inefficiencies (or 
muda in Japanese) from their standpoint. Past studies have been critical of the 
ignorance of end-users’ requirement during the design and construction briefing, 
highlighting the communication gap between the end-users, designers and owners 
(Pemsel, Widén & Hansson, 2010; Hebert & Chaney, 2012).  
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Brandon & Lombardi (2010) estimated that 87% of existing buildings will still 
stand by 2050, which therefore goes without saying that existing buildings require 
effective sustainable improvement that will satisfactorily reflect end-users’ 
requirement, particularly in developing countries such as Nigeria with an estimated 
population of over 170 million people (National Population Commission, 2012), the 
6th most populous country in the world, the most populous and largest economy in 
Africa (Chiejina, 2014). Jiboye (2009), observed that despite efforts at both the local 
and international levels, current realities suggest that the goal of achieving 
sustainability in Nigeria is yet unrealized.  
Lean thinking is a philosophy of improvement (Bryde & Schulmeister, 2012; 
Samuel, Found & Williams, 2015), with the underlying principle that by identifying 
and eliminating muda, standard (hence performance) can be improved to meet end-
users’ requirement at reduced cost (Averill, 2011; Kempton, 2006). According to 
Lamb (2011), lean determines what is truly important to the end-user and consequently 
reshapes to deliver it; along the way, muda drops out. Womack & Jones (1996) 
introduced lean thinking principles as applicable beyond manufacturing environment 
(from whence it was conceived) into any field, while Schipper & Swets (2010) opined 
that muda is universal, appearing in every situation and remain constant. 
In summary therefore, the research explored the feasibility of SD of the built 
environment in developing countries through the sustainable improvement of existing 
buildings, which were constructed when sustainability was not a concern but form the 
bulk of existing assets. The sustainable improvement concept of lean thinking, which 
involves the identification of muda can thus be applied for enhanced assessment of 
users’ requirement and promotion of the bottom-up approach principle of delegation, 
and thus integrated end-users into SD as stake-holders. This is consistent with the 
definition of SD as meeting the needs of the present, accordingly the research 
considered the need to meet end-users’ requirement for sustainability. 
1.2 The problem statement 
The principles of sustainable improvement not only decreases energy consumption and 
Green House Gases (GHG) emissions (especially CO2), but equally upgrades the 
whole condition of an existing building: noise insulation conditions, exterior, and 
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comfort; prolongs buildings life cycle, increases value of the buildings, reduces 
negative impact to environment and guarantees healthy living and working conditions 
(Mickaityte et al., 2008). Thus the satisfaction of these requirements is obligatory in 
sustainable improvement of existing buildings provision. Over the years therefore, 
systematic methods for sustainable building improvement studies were developed, 
which include: Energy Performance Indoor Environmental Quality Retrofit (EPIQR), 
for residential apartments (Zavadskas et al., 2004) and Tool for Office Building 
Upgrading Solution (TOBUS) for office buildings (Flourentzou, Genre & Roulet, 
2002). The methods incorporated relevant micro and macro factors (i.e. KPIs and TBL 
components) into the models for reliable diagnosis and decision-making for 
sustainable improvement. 
In Nigeria as in most other countries, the sustainable improvement of existing 
buildings’ standards (hence the performance) had been mainly through retrofitting for 
energy and GHG emissions reduction, incorporating the KPIs parameters as related to 
the TBL factors of SD, for reliable diagnosis and decision-making (Ofori, 2000; 
Nwafor, 2006; Haddad, 2010; Nwokoro & Onukwube, 2011; Ma et al., 2012); 
nonetheless SD in the built environment is still a far cry, especially in Nigeria 
(Nwokoro & Onukwube, 2011; Emmanuel, Ibrahim & Adogbo, 2014; Oribuyaku, 
2015), as in most developing countries (Jiboye, 2009; Haddad, 2010; Wood & 
Muncaster, 2012). Studies had also shown that purported sustainably improved 
buildings’ performance had not adequately reflected end-users’ requirement (Schakib-
ekbatan, Wagner & Lussac, 2010; Wilkinson, Reed & Jailani, 2011; Monfared & 
Sharples, 2011; Deuble & de Dear, 2012).  
Hebert & Chaney (2012) also observed that very few published studies have 
reported the use of occupants’ (as end-user) surveys during the planning stage to 
inform the improvement of a facility. According to Bordass (2003) and Khalil et al. 
(2014), feedback is not routine in improvement; though, major failures are noted by 
designers and builders but disappointing performance is often forgotten while the 
mistakes are repeated. The implication of this is that the essence of SD which is to 
meet the needs or requirements of end-users had not been achieved. Thus, the 
diagnosis technique applied for the sustainable improvement of existing buildings 
requires enhanced assessment of the users’ requirement in order to determine and 
address what is important to the user who will ultimately benefit from it.  
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Love & Bullen (2009) opined that current assessment systems of performance 
of existing buildings pose challenging problems because they do not provide a full 
profile of sustainability since they excluded major inputs from end-users. Hence, the 
question that had risen is – how can existing building improvement diagnosis 
technique enhance the assessment of users’ requirement for sustainability in 
developing countries? Literature research revealed 3 sustainable improvement 
concepts that have proven successful in their varied areas of application, namely: Lean 
Thinking, Green Building and Zero Emissions; and although they all laid emphasis on 
the elimination or minimization of muda as the primary basis for improvement, only 
Lean thinking laid additional emphasis on end-users’ perspective and all the TBL 
factors. Jylhä & Junnila (2014) opined that the ultimate goal is to produce and deliver 
end-users’ requirement, which only the end-users themselves can define. 
The problem statement therefore is – “Can lean thinking approach enhance the 
assessment of users’ requirement in sustainable improvement diagnosis technique for 
public office buildings?” Mickaityte et al. (2008), opined that with the SD principles 
reaching many spheres of human activities, the improvement of public buildings 
should not be an exemption. Thus, for sustainable improvement to be achieved, 
perceived muda inherent in existing buildings should be identified from the end-users’ 
perspectives, since their contributions were not initially taken into consideration 
(Majamaa et al., 2008; Pemsel et al., 2010) after which intervention measures should 
be well-thought-out to improve the original building standard by way of possibly 
eliminating or minimizing perceived inherent muda; thereby enhancing building 
performance. Muda is perceived in the sense that it is detected by instinct or inference 
of the respondents (i.e. occupants) rather than by recognized perceptual hints. 
In summary, the obligatory provision of users’ requirement in existing 
buildings is an obvious shortcoming in sustainable improvement, due to inadequate 
diagnosis of users’ requirement. The research thus suggested the application of lean 
thinking concept amongst other improvement concepts as a means to enhanced users’ 
requirement diagnosis. This is because the concept had proven successful in its varied 
areas of application (Samuel et al., 2015) based on the fact that it approached 
sustainable improvement from end-users’ perceptive and considered all the TBL 
factors of SD. Nicholas & Soni (2006) and Schipper & Swets (2010) claimed that lean 
thinking can be applied in any environment with only tweaking of details of the muda 
drivers to describe the situation in which it is applied. 
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1.3 Aim of the research 
The research aimed at the enhancement of users’ requirement for sustainable 
improvement of public office buildings from occupants’ perspective using the lean 
thinking approach, with a view to propose way(s) to generate more sustainable 
buildings from existing asset in developing countries with Nigeria as an example. 
1.4 Research questions (RQs) 
In order to achieve the above aim, the following research questions were raised: 
1. What are the perceived muda inherent in existing public office buildings in 
Nigeria from occupants’ standpoint? 
2. How has the perceived muda affected perceived job productivity from 
occupants’ standpoint? 
3. How has the perceived muda affected existing public office buildings design 
features from occupants’ standpoint? 
4. How can the public office buildings’ standard be sustainably improved through 
the elimination or minimization of the perceived muda and guard against in 
future designs? 
1.5 Research objectives (ROs) 
The following objectives were developed to answer the above research questions: 
1. To establish perceived muda inherent in the public office buildings in Nigeria 
from occupants’ standpoint; 
2. To evaluate the effect of the perceived muda on perceived job productivity 
from occupants’ standpoint;  
3. To evaluate the effect of perceived muda on existing public office buildings’ 
design features from occupants’ standpoint; and 
4. To propose building performance feature(s) in future designs with a view to 
eliminate or minimize muda in public office buildings. 
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1.6 Research hypotheses 
The following hypotheses were generated alongside the RQs during the literature 
review in the succeeding chapter to test the research objectives: 
H1 - Perceived muda is significantly inherent in public office buildings.  
H2 - Perceived muda has a significant effect on perceived job productivity; 
H3 - Perceived muda has a significant effect on design features; and 
H4 - There is significant relationship between perceived job productivity and 
design features. 
1.7 Scope of the research 
This research examined existing public office buildings and their role in SD through 
the sustainable improvement (as against maintenance) of their standards. In 
maintenance, the original standard at construction is restored, while in improvement, 
the original standard is upgraded, hence maintenance carried out on non-sustainable 
existing building can at best reinstate it to its original non-sustainable standard (refer 
Figure 2.4 in section 2.5). The definition of improvement adopted is a condition 
superior to an earlier condition (AED, 2014), it thus promotes the virtues of a more 
positive outlook that starts with what had been inherited from the past, how to realize 
its value and improve on it, but was restricted to the lean thinking approach to 
sustainable improvement diagnosis of existing public office buildings for enhanced 
assessment of users’ requirement from occupants’ perspective. 
The Federal Secretariat complex Bauchi, a massive public office building in 
Nigeria was chosen for the study (refer section 2.23), because of the urgent need for 
improvement in developing countries (Nwokoro & Onukwube, 2011; Wood & 
Muncaster, 2012; Emmanuel et al., 2014; Oribuyaku, 2015), while the civil servants 
(i.e. the occupants) in the complex as end-users were the respondents. Eisenhardt, cited 
in Yin (2013) argued that a study area tends to be more appropriate to confirm or 
challenge a theory or address a rare or unusual situation. Public office buildings in 
Nigeria were selected, because they are constant subject of discussion by eminent 
Nigerians and scholars alike in the country, while they also form the bulk of Nigerian 
property news in publications and on the internet (refer Appendix L). The subject 
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office complex was also selected because of the circumstances surrounding it and the 
researcher’s in-depth local knowledge of it (Yin, 2013; Creswell, 2014).  
The Post-Occupancy Evaluation (POE) tool was adopted for acquiring data 
from occupants (as end-users), and related to the SD triple bottom line (TBL) factors 
of environmental, economic and social dimensions (Zheng, Shen & Wang, 2014; 
Bond, Pope & Morrison-Saunders, 2015), but limited to: 
(a) The ‘environment’ covering issues, which include temperature, ventilation, air 
quality, glare, daylight and noise (Kim et al., 2012; Bluyssen, 2014). 
(b) The ‘economy’ covered issues of occupants’ satisfaction and comfort through 
the provision of adequate space, services and facilities thereby increasing job 
productivity. A leading argument for economic sustainability is the belief that 
sustainable buildings are healthier and lead to job satisfaction, less employee 
absenteeism and higher levels of productivity thereby boosting the overall 
profitability of business occupiers (Wilkinson et al., 2011; Bluyssen, Aries & 
Van Dommelen, 2011; Olanrewaju, 2012). Satisfaction with the physical 
working environment was suggested to be directly related to job productivity 
(Warr, 2011; De Been & Beijer, 2014). 
(c) The ‘social’ covered the issue of aesthetics; where buildings having pleasing 
aesthetic qualities with prompt repair and regular upkeep, enhancing their 
surroundings, security, health and the well-being of humans (Wilkinson et al., 
2011; Akadiri, Chinyio & Olomolaiye, 2012).  
The research dwelt only on the building superstructure i.e. that part of the 
building which is above the ground and serves the purpose of the building’s intended 
use (Pemsel et al., 2010). 
1.8 Research methodology 
The research focused on the improvement of past buildings’ standard as a means of 
achieving sustainability in existing public office buildings. The research design 
adopted the quantitative method, while the research strategy involved the use of survey 
and direct observation approach. The data analyses involved the use of SPSS v22, MS 
Excel 2013, AMOS v22, narrations and discussions. The βeta coefficient, which 
indicates the unique contributions, causal effects and factor loadings of the variables; 
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the R2 (or effect size), which explains the variances of the constructs; and the P-value, 
which indicates practical significance, were used as standards of measurement (Adams 
& Lawrence, 2015) to determine the significance of the lean thinking approach, with 
respect to the research question, objectives and hypotheses. 
The diagnostic POE tool adopted for this research has its working depth limited 
to the systematic evaluation of opinion to determine perceived muda in the building 
and its effects on perceived job productivity and design features from end-users’ 
perspective through questionnaires, in order to assess how well the building match 
their satisfaction, expectancies and needs, and identifies ways to sustainably improve 
the building standard, performance and fitness for purpose (Fennimore, 2013). 
1.9 Significance of the research 
It is hoped that the findings of this research will highlight perceived muda inherent in 
existing public office buildings and its impact on perceived job productivity and design 
features from occupants’ standpoint, and further expose feature(s) to be incorporated 
in future designs with a view to eliminate muda inherent in public office buildings 
based on performance metrics. The research would thus allow public office 
stakeholders, including government policy-makers and lawmakers; and designers/ 
developers to better understand the optimal type and level of sustainability to be 
incorporated into public office buildings, as enumerated below: 
1.9.1 Enhanced assessment of users’ requirement in public office buildings 
The primary objective of the research is to determine the significance of lean thinking 
approach to improvement diagnosis of users’ requirement and confirm whether it can 
enhance the assessment of users’ requirement in a typical sustainable improvement 
diagnosis technique for existing public office buildings. This will determine what is 
essential to address the requirements of the occupants i.e. what is important to the end-
user, who will ultimately benefit from it. 
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1.9.2 Enhancement of public office buildings and job productivity 
The research will provide information to developers as to the actual occupants’ 
requirements in public office buildings: it is expected that future design of sustainable 
office buildings with adequate provision for users’ requirement will enhance building 
performance with respect to acoustic; thermal; day-lighting; air/ventilation qualities; 
and support services, to produce healthier buildings which will lead to user 
satisfaction, less employee absenteeism, less distraction at workplace, and higher 
levels of job productivity thereby boosting the overall productivity of public office 
occupiers. A benefit of sustainable buildings includes increased productivity, less 
absenteeism and less churn rates than non-sustainable buildings. 
1.9.3 Generation of sustainable buildings from existing asset 
This research will also promote the virtues of a more positive outlook that starts with 
what has been inherited from the past, how to realize its value, and how to improve on 
it, thus enhancing the generation of more sustainable public office buildings from 
existing asset in developing countries. This is a promotion of conversion of common 
resources, whereby we do not deprive future generations by spending more resources 
than necessary today as implied in SD. Any serious impact on SD should involve 
giving more consideration to existing buildings. 
1.9.4 Guide to office building designers on aesthetics and functionality 
In addition, the research would provide a guide in office building design to designers 
and builders in integrating aesthetics with functionality. Architects are often criticized 
for giving preference to aesthetics rather than functionality (Spring, 2004), and in so 
doing are mainly responsible for most muda inherent in building designs. Each 
building type is unique with different characteristics, thus the improvement strategy 
used in one type may not be suitable for use in another. 
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1.9.5 Promotion of bottom-up approach to policy formation 
Again, the research would promote a system of “Bottom-up” approach to policy 
formulation and subsequent implementation as against the ‘Top-down” approach 
prevalent in many developing countries. Delegation is essential in any organization, 
because those who are closest to the scene of action may be regarded as the best 
persons to identify the problems that arise, while considerable times may be saved by 
not sending information up and down the reporting authority line. 
1.9.6 Participatory multi-stakeholder approach to SD 
Sixthly, the research re-envisaged building improvement by putting people, rather than 
buildings, at the center of considerations. The roles of end-users in SD is highlighted 
as they make contributions to building designs, thus promoting synergy of more 
stakeholders in which each contributes discipline-specific data in the built environment 
as against far narrower definition of success by different individual participants. The 
integration of multi-disciplinary activities within the built environment in facilities 
management will also involve facilities managers who are more conversant with the 
end-users, after other professionals have ceased to be involved in the building 
immediately after the construction activities. The TBL factors of social, economic and 
environmental issues surrounding infrastructure in the new millennium are 
increasingly becoming too complex to be left to the engineering community alone, and 
concluded that by necessity, there is need for multi-stakeholder and interdisciplinary 
collaborative approach to solving these problems. 
1.9.7 Guide for SD laws and regulations formulation 
This research would also enable lawmakers to have better knowledge required to make 
more informed decisions with regards to the likely impact of the legislative measures 
proposed in respect of sustainable office buildings and other relevant legislations. The 
United Nations Agenda 21 which established SD, particularly stressed that country-
specific laws and regulations are among the most important instruments for 
transforming SD policies into action, thus, legislations (government institution) could 
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be seen as the driver of SD on which the success of the TBL rest. During the 
preliminary research survey, it was discovered that SD legislations were not available 
in Nigeria. 
1.10 Structure of the thesis 
This thesis is structured into 6 chapters as follows: Chapter 1 accentuates SD and the 
need to address existing buildings in developing countries for sustainability, especially 
in the quest for enhanced assessment of users’ requirement. The aim and objectives of 
the research as derived from the research problem and questions were therefore geared 
towards sustainable improvement diagnosis technique for existing public office 
buildings for enhanced assessment of users’ requirement from occupants’ perspective. 
The chapter includes the research motivation, the research scope, brief research 
methodology, and the significance of the research.  
Chapter 2 is a literature review of relevant literature on the research topic as 
related to the research questions, aim and objectives. It reviewed the concepts of SD 
generally, and relevant previous works on SD in Nigeria; concept of lean thinking and 
muda in existing buildings; distinction between concepts of maintenance and 
improvement; users’ requirement; KPIs; perceived job productivity and design 
features parameters; and POE. The research gap and the development of the theoretical 
framework for the research were developed in the chapter. The chapter also justified 
the adoption of the lean thinking concept, and concluded with the justification of the 
choice of the study area for the research. Chapter 3 was dedicated to the research 
design and methodology. The chapter justified the adoption of the positivism 
philosophy and quantitative method adopted for the research and also provided 
information on the research population and sample size. The chapter also established 
the determinant variable and assessment framework, while the survey and analysis 
tools, standard of measurement adopted and the confirmatory factor analysis 
conducted were discussed, together with the expected outcomes.  
Chapter 4 concentrated on the presentation and analysis of data using 4 areas 
of investigation associated with the research questions and objectives as guides, while 
Chapter 5 discussed the proposed improvement diagnosis technique framework for 
public office buildings based on the findings of the research and established perceived 
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muda inherent in public office buildings, with its effect on perceived job productivity 
and design features, and proposed the design feature(s) needing dire improvement in 
public office buildings. Chapter 6 is the conclusion and recommendations and includes 
the research’s contributions to practice and knowledge. 
1.11 Summary 
Chapter 1 sets up the foundation for the research and it comprises the background to 
the research, problem statement, aim, research questions and objectives geared 
towards the lean thinking approach through the application of muda to the sustainable 
improvement diagnosis of existing public office buildings in developing countries for 
enhanced users’ requirement assessment from occupants’ perception. The significance 
and research scope were also included in the chapter. The next chapter therefore went 
into available literature and past research works and application of the concepts 
relevant to the research, in order to establish the research gap and develop the 
theoretical framework for the research. 
 
  
CHAPTER 2 
LITERATURE REVIEW  
2.1 Introduction 
This chapter reviewed the literature of major concepts and previous works in the field 
of sustainable improvement of standards of existing office buildings, which include 
the application of the SD concept; concept of maintenance and its limited application 
to standards upgrade vis-à-vis concept of improvement; importance of existing 
buildings to sustainability; sustainable improvement concepts, including Lean 
thinking, Zero Emissions and Green Building; users’ requirement and satisfaction; key 
performance indicators (KPIs); perceived job productivity; design features; post-
occupancy evaluation (POE); and the role of legislation in SD. The research gap was 
established in the chapter, as well as the sketching of the composition of the research 
framework to determine the significance of lean thinking approach to sustainable 
improvement diagnostic technique of existing public office buildings in Nigeria. The 
justification and adoption of the theoretical research framework, the determinant 
variables and the study area were also discussed in this chapter. 
2.2 The concept of sustainable development 
The SD concept came into general usage following the publication of the 1987 report 
of the UN Brundtland Commission – formally called World Commission on 
Environment and Development (WCED). According to the report (WCED, 1987): 
Humanity has the ability to make development sustainable to ensure that 
it meets the needs of the present without compromising the ability of 
future generations to meet their own needs. The concept of sustainable 
development does imply limits - not absolute limits but limitations 
imposed by the present state of technology and social organization on 
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environmental resources and by the ability of the biosphere to absorb the 
effects of human activities. But technology and social organization can 
be both managed and improved to make way for a new era of economic 
growth... Yet in the end, sustainable development is not a fixed state of 
harmony, but rather a process of change in which the exploitation of 
resources, the direction of investments, the orientation of technological 
development, and institutional change are made consistent with future 
as well as present needs. (p 15) 
2.2.1 Perceptions of the concept and definition of SD 
Ofori (2000) observed that SD has emerged as a guiding paradigm to create a new kind 
of built environment, while Kibert et al. (2000) opined that the creation, operation and 
disposal of the built environment dominated humanity’s impact on the natural world. 
Several other definitions were given to explain this concept; one of such by Mediawiki 
(2008) defined SD as the process of building communities and living comfortably 
without consuming all resources, implying that SD is a way of conserving common 
resources; not just about consummation, but includes change in our culture to make 
conservation a way of life. Brandon (2012) considered SD as a process of change in 
which exploitation of resources, the direction of investments, the orientation of 
technological developments and institutional change are all in harmony, enhancing 
current and future potential to meet human needs and aspirations.  
In as much as SD is seen as a vision of progress that integrates immediate and 
longer-term needs, local and global needs, and regards society, environment and 
economics as inseparable and interdependent, many still construe its meaning as 
complicated. In a paper to the World Bank, Pezzey (1989) listed 60 published 
definitions of SD, while Hartshorn et al. (2005) also estimated between 30 to 60 
separate definitions of SD; both observed that there was little agreement as to its 
meaning in practical or even theoretical terms. According to Mansfield (2009), despite 
the efforts of the European Union (EU) and national governments to provide a 
cohesive policy to address the negative impacts of SD, there is still considerable 
difficulty in providing a consensus definition of the term. Gilmour & Banks (2011) 
also argued that SD is a complex issue that is not consistently definable in practical 
terms owing to its very expansive nature, while Lee & Huang (2007) assumed SD to 
be the most challenging and controversial issue with respect to its interpretation and 
application. 
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Slessor, cited in Abley & Heartfield (2001) suggested that the Bruntland’s 
commission definition only serves as a starting point and hardly sufficed as an 
analytical guide or policy directive. Hartshorn et al. (2005) went on to explain that a 
particular difficulty with the considerable disagreement over its precise meaning is that 
it combined unresolved political, philosophical and technical issues from the 
‘environment versus growth’ debate.  
Based on the ongoing debate as to the suitable definition for SD, this research 
had adopted the WCED (1987) definition in its face value which is “the ability to make 
development sustainable to ensure that it meets the needs of the present without 
compromising the ability of future generations to meet their own needs” and related it 
to the ability to conservatively meet users’ requirement in existing public office 
buildings. In spite of the supposed imprecision in its meaning, McLennan (2004) 
believes that SD is an improvement philosophy that seeks to maximize the quality of the 
built environment. 
2.2.2 The Triple Bottom Line (TBL) of SD 
Zheng et al. (2014) opined that no matter what conceptualization of sustainability is 
applied, the consensus from literature suggests that SD has 3 pillars, namely: social, 
economic, and environmental, which are termed the Triple Bottom Line (TBL) as 
illustrated in Figure 2.1, which has become the popular approach to achieving a more 
sustainable society in most contexts. According to Meir et al. (2009), users may either 
be satisfied or otherwise with a building depending on the balance of incorporation of 
the TBL in the sustainable improvement design. 
 
Figure 2.1: Typical issues and criteria comprising SD in office building 
Users’ Requirement and Job 
Productivity thru provision of 
adequate space, services and 
facilities thereby increasing 
performance (Bluyssen et al., 
2011; Olanrewaju, 2012). 
Temperature, ventilation, 
Indoor Air Quality (IAQ), 
glare, daylight, noise and 
human health (Kim et al., 
2012; Bluyssen, 2014). 
Aesthetics qualities with prompt 
repair and regular upkeep, 
enhancing the surroundings, 
safety, health and the well-being 
of humans (Wilkinson et al., 
2011; Akadiri et al., 2012). 
Social Factors Environmental Factors Economic Factors 
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Gervásio & Simões da Silva (2012) opined that SD is a multidimensional 
concept gaining increasing relevance in all spheres of life which aimed to balance the 
social, economic and environmental impacts of all human actions, now and in the 
future. Wilkinson (2012) however observed that undoubtedly there is a strong and 
often overlapping relationship between the three components of the TBL (Figure 2.2).  
 
Figure 2.2: Overlapping TBL components of SD (Adams, 2006) 
2.2.3 Suggested practical approach to SD 
Strzelecka (2008) presented SD as a universal challenge in which practical responses 
can only be defined nationally and locally. Accordingly, the application of SD 
principles should be structured to the local environmental settings, which will include 
ethnic origin, culture, class, gender, population, etc. Nawawi & Khalil (2008) reported 
a research on public buildings in Malaysia in which respondents differ in perceptions 
and expectations due to background, working experiences, general knowledge and 
technical skills, which supports Murdock & Ellis’ (1991) claim that demographic data 
do not only provide an understanding of population size and distribution, but also the 
composition. Setiawati et al. (2013) in a research on SD strategy observed that the 
socio-cultural conjointly affect sustainability with institutions, environment, 
technology selection and financial/economy. Hence, it is more practicable for nations 
to define responses to SD within their local TBL of environmental, economic and 
social settings. Jencks & Kropf (2006) also suggested that culture and tradition should 
be integrated into building design because the occupants will be the eventual end-users 
and not the designer. 
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There is harmony in literature that the same approach cannot be used 
universally to achieve SD, for example, Myllyla & Kuvaja (2005) argued that 
approaches to urban environment that have originated in a particular region carry 
inherently the region’s inferences and policy solutions that may have particular 
constraints when scrutinizing SD’s societal context in another region. Rana (2009) also 
observed that SD goals cannot be addressed the same way for all nations because of 
societal and cultural differences. He argued thus: 
The remaking of a sustainable city is a great challenge, particularly in the 
cities… where urban population growth is unpredictable and even 
uncontrollable... the hope of fulfilling the goals by the developing 
countries is a utopia, where overwhelming rural-urban migration is 
uncontrollable, good governance is rare, unequal resources distribution 
is explicitly visible. In this unpredictable and complex situation, any 
goal-based development policies will certainly be misleading or partially 
achievable. Therefore, the same goal of sustainable city will not be 
suitable in quest of sustainability in all cities of the world, while societal 
and cultural resources are different. (p 506-507) 
Zetter & Georgia (2006) also suggested sustainability through the integration 
of culture and the identity of a place into SD. This research therefore approached SD 
within the local setting, i.e. considering requirement from ethnic, culture, class, gender, 
etc. (Strzelecka, 2008) from occupants’ standpoint in a public office building in 
Nigeria, along the TBL factors, rather than straight adoption of global policies. 
2.2.4 Past studies on SD in the built environment in Nigeria 
The literature revealed that modest research in the field of SD in the Nigerian built 
environment had been done in spite of the dire necessity for it, while most of the studies 
were barely on the improvement of existing public office buildings for SD with respect 
to elimination of perceived muda.  
Otegbulu & Adewunmi (2009) did a mixed method research to determine the 
importance of neighbourhood infrastructure provision as a requisite for sustainable 
housing development. Although data was collected from occupants, the scope was on 
residential buildings and did not include improvement measures for existing buildings, 
but rather the provision of neighbourhood infrastructure for SD. Jiboye & Omoniyi 
(2010) did a research on environmental sustainability and urban growth in Nigeria, 
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observing that SD stressed participatory multi-stakeholder approach to policy making 
and implementation, mobilizing public and private resources for development and 
making use of the knowledge, skills and energy of all social groups concerned with 
the future of the planet and its people.  
Gbadegesin, Oladokun & Ayorinde (2011) did a quantitative research on 
sustainable urban development in Nigeria and established that proliferation of 
hooliganism, criminality, housing problems, infrastructural decay, social vices, 
environmental degradation and traffic congestion were outcomes of rapid population 
growth and tremendous pressure on civic infrastructure systems. Nwokoro & 
Onukwube (2011) observed that current practice on sustainable construction does not 
consider integrated design process, acoustic and visual comfort in the planning and 
construction of sustainable projects, and that government needs to improve existing 
laws to enhance quality of working life, education, training as well as knowledge 
management for all stakeholders in SD. 
Jiboye (2011a) also did a quantitative research on how sustainable urban 
development challenges in Nigeria can be addressed through effective and good 
governance, noting that the UN member nations reiterated the need for good and 
effective governance as a means of achieving SD in the cities. He noted that a peculiar 
feature of governance in Nigeria is the use of Top-down approach to policy 
formulation and implementation. This research thus seeks the opposite, whereby 
policy formulation and subsequent implementation of improvement strategies would 
stem from contributions of the occupants (as end-users).  
Adewunmi, Omirin, & Koleoso (2012) did a research on common 
environmental practices and strategies for implementing sustainable Facilities 
Management (FM) among Nigerian practitioners. They concluded that the concept of 
SD is the same with that of other countries in the world but awareness and attitudes 
differ. According to them, awareness is low and attitude inadequate, while examination 
of literature on SD showed that not much work has been done in Nigeria. 
All these studies differ in research scope, but they all agreed that current 
realities in the country suggest that the goal of achieving sustainability in Nigeria is 
far from being realized. Table 2.1 summarized some of the previous studies on SD in 
Nigeria as compiled for the current research. 
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Table 2.1: Compilation of studies on SD in Nigeria 
S/No. Title & Author(s) Methodology Model/Framework Findings Observation 
1 Evaluating the Sustainability of 
Urban Housing Development in 
Nigeria through Innovative 
Infrastructure Management. 
Otegbulu & Adewunmi (2009) 
Qualitative & Quantitative research. 
Questionnaires were designed based on 
extensive literature review. The 
questionnaire was distributed to 80 
households in the study areas of FESTAC 
Town & Badia in Lagos. 
SD/Theoretical 
framework.  
Infrastructure provision is not sustainable in 
the study area. Provision in deplorable 
conditions while householders are willing to 
pay for it. Interactions of facilities are not 
considered in Nigeria. 
Research was mainly on 
the principle of sustain-
ability on urban housing 
with respect to 
neighbourhood 
infrastructures. 
2 Urban Renewal as a Tool for 
Sustainable Urban 
Development in Nigeria: Issues 
& Challenges. Gbadegesin et 
al. (2011) 
Quantitative, through a literature review of 
urban renewal programmes and drawn out 
implications for effective urban renewal 
programme in Nigeria. 
SD/Theoretical 
framework 
Restoring vitality to urban centres means 
designing centres of attraction & offering a 
space that can be used by different groups of 
people with different needs, each that can find 
satisfaction. 
Paper emphasized on 
urbanization and civic 
infrastructural facilities in 
Nigeria. 
3 Sustainable Urbanization: 
Issues & Challenges for 
Effective Urban Governance in 
Nigeria. Jiboye (2011a) 
Quantitative: It addressed basic issues 
relating to SD & governance; discussed 
challenge of urbanization; and underscored 
need for effective governance in sustainable 
urbanization 
UN-Inter-Agency 
meeting (2001) five 
principles of good 
urban governance. 
SD needs multi-stakeholders on every ground 
and skill. Top-bottom approach of government 
should be discouraged. 
Paper was mainly on need 
for good governance to 
achieve SD. 
4 Sustainable or Green 
Construction in Lagos, Nigeria: 
Principles, Attributes and 
Framework. Nwokoro & 
Onukwube (2011) 
Qualitative & Quantitative. Information is 
sourced from professionals in the 
construction industry, contractors, 
developers & clients. 
Concept of SD is 
used as a basis for 
enhancing 
understanding of SD. 
Current SD practice on construction didn’t 
consider integrated design process, acoustic & 
visual comfort in the planning & construction 
of sustainable projects 
Paper concluded that govt. 
needs to improve existing 
laws for all stake-holders in 
sustainable construction. 
5 Developing a Sustainable 
Approach to Corporate FM in 
Nigeria. Adewunmi et al.(2012) 
Qualitative & Quantitative research. Data 
collection was through self-administered 
questionnaires directed to a sample of 150 
facilities managers who are members of the 
International Facility Management 
Association. 
Integration of SD 
considerations into 
FM practice. 
The research revealed that many practitioners 
put a premium on achieving energy efficiency 
as a very vital environmental practice within 
their organizations. A strategic management 
procedure is more important for the 
implementation of environmental management 
in the Nigerian FM industry. 
Paper examined common 
environmental practices 
and strategies for 
implementing sustainable 
FM among practitioners in 
Nigeria. 
6 Maintenance of the Federal 
Secretariat Complex Minna, 
Niger State: A POE Approach 
(Olagunju et al., 2013). 
Quantitative research, using an indicative 
POE, involving a comparative analysis of 
building performance reviews and the 
presentation of results and analysis of the 
survey findings of occupants in terms of 
building elements, services and 
environment.  
Sustainable 
maintenance policies 
The performance of the complex was 
averagely rated as poor, due to lack of a 
planned maintenance programme created a 
backlog of maintenance works on every 
building element, services and environment, 
hence calls for urgent attention of the Federal 
Government. 
Paper examined the 
deplorable state of the 
complex, which reflected 
the common practice of 
neglect of public office 
buildings in Nigeria by 
government.  
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2.2.5 Multi-stakeholder and interdisciplinary approach to SD 
Martland (2012) noted that the SD management structure often has separate 
departments, with each having its own concerns and ideas about the most beneficial 
types of projects for improving performance. This is in agreement with Sarté (2010) 
who argued that the social, economic, and environmental factors (TBL) surrounding 
the built assets are increasingly becoming too complex to be left to the engineering 
community alone. Jiboye & Omoniyi (2010) and Jiboye (2011b) also opined that by 
necessity, there is need for multi-stakeholder and interdisciplinary collaborative 
approach to solving the TBL issues of SD. This research thus equally promotes multi-
stakeholder and interdisciplinary approach by integrating the views of end-users into 
policy formulation for the sustainable improvement of existing built assets. 
2.3 Waste and inefficiencies (muda) in existing office buildings 
The basic function of a building, which is to provide structurally sound and 
environmentally controlled spaces to house and protect occupants and contents, is not 
achieved if some aspects of the building fail and the needs of the occupants are not 
met according to the definition of SD. Failures of basic building functions can range 
from defects in single components such as windows to extensive deficiencies in an 
entire exterior wall system. The source of these deficiencies can include inadequate 
design, improper execution of the work, defective materials, or simply normal and 
expected aging perhaps coupled with lack of maintenance (Chanter & Swallow, 2008). 
2.3.1 Waste 
According to Womack & Jones (2005), waste is any activity or facility, which absorbs 
resources but creates no value. The AED (2014) defined waste as any material unused 
and rejected as worthless or unwanted, thus waste could be seen as those partitions or 
facilities within or without the building which the occupant do not need or find useful, 
for example, multiple circulation routes in an office building which could have been 
more useful to the occupant if converted to store(s). Bullen & Love (2011) referred to 
such as inefficient spatial layout, while a claim in the UK says businesses throw away 
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£18 billion annually through inefficient use of space (Bootle & Kalyan, 2002; Haynes, 
2008). Nicholas & Soni (2006) also defined waste as excesses (or immoderations) that 
are not appreciated by end-users. Waste incurred in utility costs on a building can be 
reduced when day lighting is properly designed to replace electrical lighting.  
2.3.2 Inefficiencies 
Inefficiencies was defined as not producing the desired results, or lacking ability to 
perform effectively (AED, 2014), while Sharp & Jones (2012) related inefficiencies to 
inadequacies or ineffectiveness. Thus, inefficiencies in built assets can be seen as a 
building or its components not having the ability to function effectively. An example 
is a building having two-ply sliding window in a humid and hot environment without 
provision for artificial ventilation; in such situation, the window can only provide a 
maximum 50% opening as compared to louvres that can provide up to 95% opening. 
Thus the former has more of aesthetic value than functional value, which is the 
opposite of the latter.  
Therefore, the sliding window may be regarded as inefficient because it does 
not have the ‘ability’ to provide enough ventilation in a hot and humid environment 
without further provision for artificial ventilation, whereas it can be more efficient in 
temperate regions or in buildings with further provision for artificial ventilation such 
as air conditioners. This problem is more aggravated in developing countries where 
electricity supply is very erratic and thus, even the provision of artificial ventilation 
may still not solve the problem of the inefficient windows.   
According to Spring (2004), architects are often criticized for giving preference 
to aesthetics rather than functionality and in so doing are mainly responsible for most 
waste and inefficiencies (i.e. muda in Japanese) inherent in building designs. Corbusier 
(2004) also observed that prominent modern architects have designed offices in Brazil 
that failed to accommodate users’ requirement. According to Riley, Kokkarinen & Pitt 
(2010), many designers, builders and their project managers do not have an in-depth 
knowledge of building performance, rather they were only trained and have experience 
to create and adjust buildings. Again, day lighting is essential and can provide 
substantial benefits to occupants, but improper usage can lead to unpleasant conditions 
within the structure; the benefits of day lighting will only be realized if it is 
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implemented correctly. Improper use of day lighting due to wrong design or placement 
of window(s) can reduce productivity in offices and increase employee absenteeism 
due to the possibility of extremely high lighting levels, excessive glare, and high 
temperatures (Haynes, 2008; Chanter & Swallow, 2008). 
This research appreciated that waste is extensively used in a different 
perspective in environmental management, especially for garbage, refuse, scraps, etc.; 
these could be termed tangible waste. However, in recent times intangible waste had 
also been identified, especially in operations and has been promoted by models such 
as Lean Thinking, Zero Emissions and Green Building. In this research therefore, the 
intangible waste was emphasized above tangible waste and it was considered as 
anything that does not provide value to the ultimate user (Womack & Jones, 2003 and 
2005). In order not to confuse the two, waste and inefficiencies in this research were 
collectively referred to as ‘muda’ (Japanese word for intangible waste, which was 
promoted by Ohno, 1988). 
Thus, the improvement diagnosis technique involving the application of lean 
thinking for the identification and eventual elimination or minimization of perceived 
muda inherent in public office buildings from end-users’ standpoint would further 
ensure their sustainability. There is no doubt that there are a number of other factors 
and barriers that affect the ability to sustainably improve existing buildings, however, 
until the major issue of muda is addressed from end-users’ standpoint, the pace of SD 
may remain slow, especially in the developing countries.  
2.3.3 Development of RQ1 with objective and hypothesis 
The Research Question 1 (RQ1) of the research, with the first Research Objective (RO) 
and hypothesis which were used to address it were thus developed in relation to muda:  
RQ1: What are the perceived muda inherent in existing public office buildings in 
Nigeria from occupants’ standpoint? 
RO1: To establish perceived muda inherent in the public office buildings in 
Nigeria from occupants’ standpoint. 
H1 - Perceived muda is significantly inherent in public office buildings.  
This objective addresses the environmental factors of the TBL of SD as earlier 
stated in the scope of research in Chapter 1. 
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2.4 Definition and concept of building maintenance 
The term maintenance comes from the French verb “maintenir”, which means to hold. 
BS 3811 (1984) defined it as work undertaken in order to keep or restore every part of 
a building, its services and surrounds to an acceptable standard and to sustain the utility 
and value of the building. Seeley (1993) explained further that it is an act of 
maintaining in which repairs or indeed replacement may well be necessary, but that 
the primary objective of all maintenance procedures is to avoid as far as practicable 
the need to repair or replace the structure or its components.  
However, the real problem in defining maintenance is a lack of universal 
agreement as to what constitutes an acceptable standard (Chanter & Swallow, 2008). 
This however, is a matter of conjecture and is generally subjective as each occupant 
(i.e. owner or tenant alike) will have to establish his own standards based on factors 
such as usage of building; anticipated life; availability of capital, materials and 
manpower; changes in usage and personal or business prestige. In the context of this 
research however, maintenance had been limited to holding, keeping, sustaining or 
preserving the building or structure to its original standard. Maintenance is work that 
prevents deterioration or fixes current deterioration, it restores something to its original 
state and must relate directly to wear and tear or damage that occur (McGrath, 2012). 
Figure 2.3 gives illustrates the classification of basic maintenance works in general. 
 
Figure 2.3: Classifications of building maintenance (Douglas & Ransom, 2013) 
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